A novel bacterial strain, designated MIMbqt9
The genus Larkinella belongs in the family Cytophagaceae, phylum Bacteroidetes [1] . Since the first description of genus Larkinella in 2006 [2] , presently only three species have been recorded (http://www.bacterio.net/larkinella.html). The three species, namely L. bovis [3] , L. arboricola [4] and L. insperata [2] were respectively isolated from fermented bovine products, humified solution produced by spruce wood decomposition and water of a pharmaceutical company steam generator. Members of the genus Larkinella are typically Gram-negative, strictly aerobic, form pink colonies, oxidase-and catalase-positive. Chemotaxonomically, cells possess MK-7 as the major respiratory quinone, C 16 : 1 !5c, iso-C 15 : 0 and iso-C 17 : 0 3-OH as the predominant fatty acids. The present study was carried out to clarify the taxonomic position of a strain of the genus Larkinella by a polyphasic taxonomic approach. The MIMbqt9 T should be a novel species of the genus Larkinella, which have the common properties of genus Larkinella, are located in the same cluster in both NJ and ML trees with other three types species and the G+C content difference is less than 5 %.
Biological soil crusts (BSCs) significantly affect terrestrial ecosystems by enhancing soil stability and fertility, and influencing soil chemistry, whereas the effect depends on the microbial components [5] . During the course of a study on the cultivable aerobic bacteria diversity in BSCs sampled from Erdos Plateau (N 41 10¢ 56 †, E 111 43¢ 34 †), in Inner Mongolia, northwestern China, one bacterial strain MIMbqt9
T was isolated and subjected to further polyphasic taxonomy investigations, including phenotypic, phylogenetic, genomic and chemotaxonomic characteristics. The strain of MIMbqt9 T was isolated by standard dilution-plating techniques on solid R2A medium. After being subcultured several times to ensure that they were pure cultures, they were maintained as glycerol suspensions (18 %, w/v) at À80 C.
Genomic DNA was extracted and purified using a genomic DNA isolation kit (Tiangen Biotech Co.). Amplification of 16S rRNA gene and sequencing of PCR products were carried out according to the method described by Du et al. [6] . The similarity of the sequence was analyzed on EzTaxon [7] and the closely related sequences were retrieved for further phylogenetic analysis. In the phylogenetic analysis, multiple alignments were performed with the Muscle program [8] . To construct a phylogenetic tree, the methods of neighbour-joining and maximum-likelihood were respectively used in the MEGA version 6.0 [9] , based on Kimura's two-parameter model [10] with bootstrap values of 1000 replications. T formed a cluster with the species of the genus Larkinella (Figs 1 and S1 , available in the online version of this article).
The Gram reaction was performed using the non-staining method, described previously [11] . Cell morphology was examined by using light microscopy (Eclipse Ti-E, Nikon). Gliding motility was observed of the method described by Bernardet et al. [12] . Catalase and oxidase activities were tested according to standard methods [13] . Enzyme activities, substrates that could be utilized as sole carbon sources and some physiological characteristics were carried out using API 20NE, API 50CH and API ZYM strips (Bio-M erieux) and Biolog GNIII plates according to the manufacturer's instructions. All growth tests of MIMbqt9
T and three closest relatives were performed on R2A agar. The growth temperature range was determined at 0-60 C in increments of approximately 5
C. The pH of the medium was adjusted with the following biological buffers [14] : Na 2 HPO 4 /NaH 2 PO 4 for pH <9 and Na 2 CO 3 /NaHCO 3 for pH 9-10 at increments of 0.5 pH unit. Salt tolerance was tested with 0-10 % (w/v) NaCl (at intervals of 0.5 % NaCl, w/v). Antibiotic sensitivity was determined by the discdiffusion method [15] . Anaerobic growth was tested using an anaerobic environment system (Bactron), according to the manufacturer's instructions.
Cells of MIMbqt9
T were Gram-stain-negative, non-sporeforming, rod-shaped, light pink, gliding motile, oxidaseand catalase-positive. The size was about 2.7-5.8 µm in length and 1.5-2.2 µm in width (Table 1) , of which the length was nearly the double of the closest phylogenetically relatives Larkinella species. Growth was observed at pH 4.0-6.0, optimum at 6.0, which was below the other species. The optimum NaCl concentration is 1 %. Contrasted with other Larkinella species, MIMbqt9
T had a wider growth temperature range of C with the optimum of 30 C. The other details were showed in Table 1 .
Remarkable differences existed in carbon sources utilization between MIMbqt9
T and other closely related strains ( Table 1 ). The strain of MIMbqt9
T could utilize D-fructose-6-PO 4 , L-histidine, D-galacturonic acid, L-galactonic acid lactone, D-glucuronic acid, glucuronamide and a-keto-glutaric acid, but failed to utilize 61 substrates in Biolog GNIII tests. MIMbqt9
T showed positive activities of L-histidine, which was distinguished from the negative of other species. MIMbqt9
T showed negative activities of Tween 40, dextrin, sucrose and gelatin, which was distinguished from its neighbourhood.
Spirosoma fluviale MSd3
T (NR_137385)
Spirosoma linguale DSM 74 T (NR_074369)

Spirosoma endophyticum EX36 T (NR_135723)
Spirosoma spitsbergense SPM-9 T (NR_044220)
Spirosoma arcticum R2-35 T (NR_134186)
Spirosoma rigui WPCB118 T (NR_044257)
Spirosoma oryzae RHs22 T (NR_134187)
Spirosoma panaciterrae Gsoil 1519 T (NR_044480)
Fibrisoma limi BUZ 3 T (NR_117301)
Huanghella arctica R9-9 T (NR_132334)
Nibrella viscosa GYR3121 T (NR_109497)
Nibrella saemangeumensis GCR0103 T (NR_109495) The strains were grown on R2A broth for 5 days at 30 C for analysing the cellular fatty acid methyl esters. Fatty acid was analysed according to the protocol described by Sasser [16] , using the Sherlock Microbial Identification System version 6.1 (MIDI). For reference, the most phylogenetically related species Larkinella bovis M2T2B15 T , Larkinella insperata LMG 22510
T and Larkinella arboricola Z0532 T were used for comparative testing under the same conditions. Cellular fatty acid composition of strain MIMbqt9 T and its closely phylogenetic neighbours was shown in Table 2 . The major fatty acids (>10 %) of strain MIMbqt9 T were C 16 : 1 !5c, iso-C 15 : 0 and iso-C 17 : 0 3-OH. It showed that MIMbqt9 T had the similar fatty acid composition profile to the members of the genus Larkinella. The quinones were extracted and separated into their different classes by TLC on silica gel, then further analysed by HPLC [13] . The major respiratory quinone was a menaquinone MK-7 with seven isoprene units in MIMbqt9 T , same as in other Larkinella species. Polar lipids were extracted according to the method of Minnikin et al. [17] and examined by two-dimensional TLC [18] . The total polar lipids of strain MIMbqt9
T were phosphatidylethanolamine (PE), phosphatidylserine (PS), two unidentified aminolipids (AL1 and AL2) and two unidentified phospholipids (PL1 and PL2) (Fig. S2) . The polar lipid profile of strain MIMbqt9 T was similar to those of L. bovis [3] , which comprised PE, PS, AL and PL in these closest phylogenetic neighbours.
For analysis of DNA G+C content, a DNA sample was prepared and degraded enzymically into nucleosides as described by Mesbah et al. [19] . The analysis showed DNA G+C content of strain MIMbqt9
T was 57.63 mol%, which was slightly higher than the values reported for Larkinella species (52.0-53.0 mol%), different from the closest relatives.
Phylogenetic, genomic and phenotypic data clearly indicate that MIMbqt9
T represents a novel species of the genus Larkinella, for which the name Larkinella soli sp. nov. is proposed.
DESCRIPTION OF LARKINELLA SOLI SP. NOV.
Larkinella soli (so¢li. L. neut. gen. n. soli of soil, referring the isolation source).
Cells are rod-shaped, Gram-negative, strictly aerobic, 2.7-5.8 µm in length and 1.5-2.1 µm in width. Oxidase-and catalase-positive, motile by gliding. Colonies grown on R2A agar are convex, circular, smooth and light pink-coloured. Grows well on L agar, R2A agar and trypticase soy agar. Temperature range for growth is C (optimum at 30 C). Growth occurs with NaCl concentrations at 1 % and pH 4.0-6.0 (optimum at 6.0). Negative for nitrate reduction and indole production, positive for glucose fermentation. In (7) . The unit was µg/disc. MK-7 was the major respiratory quinone. The predominant polar lipids are phosphatidylethanolamine (PE), phosphatidylserine (PS), two unidentified aminolipids (AL1 and AL2) and two unidentified phospholipids (PL1 and PL2). The major cellular fatty acids (>10 %) are C 16 : 1 !5c, iso-C 15 : 0 and iso-C 17 : 0 3-OH. 
